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estrous females investigate the unfamiliar male more than the familiar male in
oth commensal and non-commensal populations of house mice
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We studied female preferences for familiar and unfamiliar males. The subjects were laboratory-born
house mice: (1) non-commensal Mus musculus domesticus from the eastern part of Syria along the
Euphrates River; and (2) commensal M. m. musculus from the Czech Republic. Pair-choice preference
tests have revealed that oestrous females of both populations sniffed towards unfamiliar males more
than familiar males. In the case of females exhibiting postpartum oestrus, this preference was less pro-
nounced and statistically not significant. Thus, our mice clearly exhibited the behavioural pattern known
from commensal populations of polygynous and/or promiscuous M. m. domesticus. We found no inverse
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tendency to seek proximity to the familiar male that has been previously reported from closely related
and presumably monogamous aboriginal mouse Mus spicilegus. We conclude that neither commensal
M. m. musculus, nor non-commensal M. m. domesticus, are likely to share a monogamous mating system
with mound-building mice.


© 2009 Elsevier B.V. All rights reserved.


us domesticus
us spicilegus


. Introduction


Monogamy is a derived social and/or mating system that has
een extensively studied in terrestrial vertebrates (Gowaty, 1996;
eichard and Boesch, 2003). Monogamy is most frequent in birds
e.g., Ligon, 1999; Bennett and Owens, 2002), only exceptional in
eptiles (Bull et al., 1998), and regular but uncommon in mammals.
t occurs in less than 5% of mammalian species (Kleiman, 1977),
.g., some small rodents (Waterman, 2007), ungulates (Komers,
996), carnivores (MacDonald and Sillero-Zubiri, 2004) and pri-
ates (Hrdy, 1981), including humans (Murdock, 1967). Most


tudies of monogamy have been performed in birds and small
odents. While the ecological determinants of mate choice and
ate fidelity in the wild have been predominantly examined in


irds (cf. Ens et al., 1996), the physiological mechanisms underly-
ng monogamy have been studied in the latter model group (see
elow). In comparison, the effect of familiarity on pair-bonding has
eceived less attention in both groups.

In small muroid rodents, the most popular mammalian model
or behavioural studies, true social monogamy, including pair-
onding, is fairly rare. It has been described in some species of voles
Microtus ochrogaster: Getz and Carter, 1980; Getz et al., 1980, 1990,


∗ Corresponding author.
E-mail address: frynta@centrum.cz (D. Frynta).
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1993; Microtus pinetorum: Fitgerald and Madison, 1983), deer-
mice (Peromyscus californicus: Ribble and Salvioni, 1990), gerbils
(Meriones unguiculatus: Hendrie and Starkey, 1998), and hamsters
(Phodopus campbelli: Jones and Wynne-Edwards, 2001). Hormone
levels have been proposed as a physiological mechanism promot-
ing pair-bond formation (e.g., vasopressin, Winslow et al., 1993).
The occurrence of monogamy may be successfully predicted from
behavioural data (Dewsbury, 1981) and it is closely associated
with paternal care: M. ochrogaster and M. pinetorum (Wilson, 1982;
Oliveras and Novak, 1986), P. californicus (Gubernick and Alberts,
1987), M. unguiculatus (Clark and Galef, 1999), P. cambpelli (Wynne-
Edwards and Lisk, 1987, 1988; Jones and Wynne-Edwards, 2001),
which may have important fitness consequences suspected to be
an ultimate cause of this social system (Cantoni and Brown, 1997).
Monogamous species usually exhibit typical patterns of affiliative
behaviour (e.g., allogrooming, body contact) and vaginal cytology
(e.g., Shapiro and Dewsbury, 1990).


The most documented feature of monogamous rodents is, how-
ever, sexual preference in favour of their familiar partner. These
preferences were repeatedly found in, e.g., M. ochrogaster (Shapiro
et al., 1986; DeVries et al., 1997; DeVries and Carter, 1999) and P.


californicus (Gubernick and Nordby, 1993). In the case of the latter
species, however, social preferences have not perfectly matched
the mating patterns in laboratory tests (Gubernick and Addington,
1994), but in natural conditions paternity analyses have revealed
that pairs have remained faithful (Ribble, 1991). Nonetheless,



http://www.sciencedirect.com/science/journal/03766357

http://www.elsevier.com/locate/behavproc

mailto:frynta@centrum.cz

dx.doi.org/10.1016/j.beproc.2009.10.002





ral Pr


f
s
i
e
m
s
s


o
r
I
p
M
a
f
a
(
n
p
i
f
c
(
t
k
a
n
a
n
w
a
m
a


c
1
S
m
e
1
c
a
e
e
P


p
t
s
t
a
s
a
c
i
e
t
a
f
g
a
u
c
c


a


This material may be protected by Copyright Law (Title 17 US Code)

D. Frynta et al. / Behaviou


emale preference for familiar males was also found in rodent
pecies that are strongly polygynous or show a marked flexibility
n their social and mating system (Huck and Banks, 1979; Thomson
t al., 1995; Parker et al., 2001; Randall et al., 2002). These cases
ay be explained by a female strategy to avoid the risk of aggres-


ive interactions with an unfamiliar male or to reduce time budgets
pent by familiarisation.


The first experimental studies suggesting monogamy within the
therwise polygynous/promiscuous genus Mus have appeared only
ecently in mound-building mice (Mus spicilegus Petényi, 1882).
t was reported that females of mound-building mice consistently
referred a familiar over an unfamiliar male when given a choice.
oreover, they refused to copulate with unfamiliar males (Patris


nd Baudoin, 1998). The presence of the male partner is required
or maintenance of proper oestrus cycling (Feron and Gheusi, 2003)
nd females kept in polygynous groups reproduce less successfully
Gouat and Feron, 2005). M. spicilegus males also contributed sig-
ificantly to covering the young, retrieving stray pups, and other
arental care (Patris and Baudoin, 2000) that reduced inter-litter


ntervals (Feron and Gouat, 2007). Formations of stable male-
emale associations within enclosures as well as physiological data
learly suggest formation of social pair-bonding in this species
Baudoin et al., 2005, but see Bardet et al., 2007). It is important
o note that these animals are capable of efficient individual and
in recognition (Busquet and Baudoin, 2005; Colombelli-Negrel
nd Gouat, 2006). While the inhabitants of a single mound are
ot descendants of a single pair as previously believed (Garza et
l., 1997) and while polygynous mating occurs occasionally in the
atural populations (Gouat et al., 2003), monogamy is consistent
ith the results obtained in semi-natural conditions and may be


ccepted as a typical social/mating system in the mound-building
ouse (Dobson and Baudoin, 2002; Patris et al., 2002; Poteaux et


l., 2008).
Another apparent peculiarity of the social behaviour in M. spi-


ilegus (and its sister species M. macedonicus Petrov and Ruzic,
983) is an elevated level of aggression (Frynta and Čiháková, 1996;
uchomelová et al., 1998; Patris et al., 2002). Surprisingly, not only
ales but also females of these species are highly agonistic towards


ach other. In contrast, female house mice Mus musculus Linnaeus,
758, are generally fairly tolerant to each other, notably in neutral
age tests (e.g., Munclinger and Frynta, 2000; Patris et al., 2002),
nd they became aggressive only under particular circumstances,
.g., when in competition for reproductive status or in the pres-
nce of juvenile offspring (Parmigiani et al., 1989; Parmigiani and
alanza, 1994; Palanza et al., 1996).


Recently, we demonstrated that non-commensal house mice
opulations in the Near East (e.g., Auffray et al., 1990) belonging
o M. m. domesticus, in a sharp contrast to their commensal con-
pecifics, exhibited patterns of aggressive behaviour resembling
hat of M. spicilegus (Frynta et al., 2005). Dyadic interactions in
dults of either sex were usually highly agonistic. Reduced aggres-
ion in commensal populations may be explained by a surplus
nd/or high aggregation of food resources in stores and other typi-
al habitats of commensal house mice. In contrast to seeds hoarded
n caches by non-commensal mice, such artificial resources are
xtensive and hardly defendable. Moreover, high local densities
ypical for commensal populations may further reduce the defend-
bility of resources. For females, the sex competing primarily for
ood resources rather than for sexual partners, aggressive strate-
ies thus become less advantageous. Not only aggression, but
lso other behavioural (e.g., reduction of food hoarding: Frynta,


npublished results) and physiological traits (e.g., elevated corti-
oid levels Ganem et al., 1989; Ganem, 1991) may be affected by
ommensal living.


The above results raised the question which type of social
nd mating system is typical for non-commensal populations of
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house mice. In general, house mice are considered to be polyga-
mous/polygynous (e.g., Crowcroft and Rowe, 1963; Wolff, 1985),
however, this conclusion is based almost exclusively on data col-
lected in commensal populations or those in recently colonised
areas such as the isles around the United Kingdom, America, or
Australia, which passed through the commensal stage and are usu-
ally reported as feral. In contrast, the Near East is probably the
source area of the M. m. domesticus expansion (Prager et al., 1998;
Rajabi-Maham et al., 2008), and the non-commensal way of life
may be the primary stage in at least some house mouse popula-
tions of this region. Although the link between female aggression
and monogamy is not necessarily straightforward, it is reasonable
to test whether mice from the Near East exhibit the same sex-
ual preferences as their presumably monogamous close relatives,
M. spicilegus (for phylogenetic relationships within the genus Mus
e.g., Guénet and Bonhomme, 2003; Suzuki et al., 2004; Gucchi et
al., 2006; Macholán et al., 2007). A recent finding that both com-
mensal and non-commensal populations of M. musculus possess
much smaller testes than M. spicilegus (Frynta et al., 2009) is chal-
lenging and emphasises the urgent need to examine female mating
preferences in these animals.


The aim of this study was to assess female sexual preferences
in highly aggressive non-commensal mice from the Near East and
in a commensal population of another subspecies exhibiting low
aggression (M. m. musculus). To enable a comparison with pub-
lished results, we followed almost the same procedure as Patris
and Baudoin (1998). We formulated the following two alternative
predictions and corresponding underlying hypotheses: (1) Females
of non-commensal M. m. domesticus populations differ from con-
specific females from commensal populations and exhibit the same
unusual sexual preferences as those previously reported in M. spi-
cilegus. This similarity should be due to shared social organisation
resulting from a non-commensal way of life and associated factors
such as scarcity of food resources, the necessity to hoard and ele-
vated aggression. Preferences for familiar males may be explained
by formation of pair-bonds or alternatively as a female strategy to
avoid the risk of possibly harmful social interactions with unfamil-
iar conspecifics; (2) Females of non-commensal M. m. domesticus as
well as commensal populations belonging to the other subspecies
M. m. musculus exhibit similar behavioural patterns as those pre-
viously reported in a commensal M. m. domesticus population. This
expected similarity of populations belonging to distinct subspecies
and currently exhibiting contrasting ecological strategies (across
these subspecies) should be attributed to the shared evolutionary
history of the species.


2. Materials and methods


The stocks were derived from following wild populations: (1)
M. m. domesticus—environs of villages Halabiyah, Doura Europos
and Tell Shaikh Hammad, Euphrates river valley, district Deir az-
Zor, Eastern Syria. The mice were captured in fields and along the
Euphrates River, without any obvious association with human set-
tlements. Consequently, they are referred to as non-commensal;
(2) M. m. musculus—Ruzyně village, district Praha, Bohemia, Czech
Republic. The population is consistently found in buildings, espe-
cially grain stores, and was thus considered commensal.


Experimental animals were adult (at least three months old),
socially experienced, wild-derived captive bred mice of the first,
second or third outbred generation in captivity (40 males and 20


females of each population).


All animals were kept under an artificial 12 L:12 D light cycle
and housed in plastic cages 30 cm × 15 cm × 15 cm in size. Water
and food (VELAZ ST1 mouse and rat breeder diet, wheat etc.) were
provided ad libitum. Each cage contained sawdust bedding, nesting
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aterial (paper) and shelters. Each experimental female was unre-
ated (at least to the degree of cousin) to both stimulus males (see
elow).


One half of subject females (10 of each population) were tested
uring their postpartum oestrus. They were housed with their male
artners (=familiar male) for at least several weeks and these pairs
ad already had at least two litters. At the time of testing their
ewborn pups were present in their home cages. The behaviour
f the mothers was monitored to record the onset of postpartum
exual activities.


The remaining females were regularly cycling females exhibit-
ng behavioural oestrus (see below). They were familiarised with
heir male partners (=familiar male) for at least 15 days, but
opulations were prevented until testing. The females were kept
n boxes (30 cm × 15 cm × 15 cm) inside the cage of their part-
er (54 cm × 33 cm × 19 cm) and separated by the wire-mesh. We
bserved frequent interactions between males and females of these
airs including mutual sniffing.


When a female adopted for the first time a lordotic posture
after mount with intromission), we considered her receptive (i.e.,
xhibiting behavioural oestrus) and the choice experiment has
mmediately initiated.


The unfamiliar sexually experienced males (twenty of each pop-
lation) were isolated in standard cages for 8 days before the choice
ests to stimulate their sexual motivation.


The choice experiment was carried out in a
0 cm × 30 cm × 35 cm glass cage (Fig. 1). The floor was divided
y black lines into three parts of equal size: left, central and right.


n addition, two oblong areas (14 cm × 7 cm) were marked along
he left and right lateral sides. The mice were tested during the
ark phase of their light–dark cycle. During testing, the cage was


lluminated by a single 40 W red light bulb. At the beginning of
ach experimental session, each stimulus male was enclosed into
small box (14 cm × 10 cm × 10 cm) with a wire-mesh front side.


he transfer box containing a subject female belonging to the same
opulation (subspecies) as the stimulus males was placed into the
entral part of the glass cage, and left for fifteen minutes. Two
oxes containing an unfamiliar and the familiar male, respectively,
ere placed into the glass experimental cage, each on the opposite


ide. Wire-mesh front sides of the boxes were oriented laterally to
he oblong areas. The door of the transfer box containing a female
as then opened, video recording by a single VHS-camera started,


nd the female was allowed to explore the experimental pen and
o sniff the stimulus males for ten minutes.


The boxes were then removed from the pen and the subject


emale and unfamiliar male were left together for next 30 min. The
ideo camera was stopped at the end of the session, the female and
er partner (familiar male) were returned back to their home cage,
nd their behaviour was observed to verify maintenance of sexual


ig. 1. The test arena. The transfer box (TB) was used to move the tested female
rom its home cage into the apparatus. Boxes containing familiar (FM) and unfamil-
ar (UM) males were placed in the lateral parts. Dotted lines represent wire-mesh
arriers, while the dashed ones denote demarcation lines on the floor of the appa-
atus.

ocesses 83 (2010) 54–60


activities. All males exhibited at least attempts to copulate with the
female at this final phase of the experiment. The experimental glass
cage was thoroughly cleaned using 96% ethanol.


The video recordings of the choice tests were then observed and
the position and behaviour of subject females were quantified using
the computer program package ACTIVITIES (Vrba and Donát, 1993).
Time spent (1) in a particular third of the pen in which the male
was placed; (2) in close proximity to the male (oblong area); and
(3) sniffing the male through the wire mash were further analysed.
Because the results revealed for the former variable were nearly
the same as those for the second one, they are not shown.


In addition, we recorded the presence of copulation attempts
and/or successful copulations with intromissions during the 30-
min cohabitation of each subject female with the unfamiliar males.


STATISTICA 6.0 software was used for most statistical analy-
sis. Time devoted to unfamiliar and familiar males were compared
by non-parametric Wilcoxon matched-pair tests. Log-transformed
ratios of time devoted to unfamiliar/familiar males conformed to
the normal distribution and were further analysed using ANOVA in
which population (M. m. domesticus versus M. m. musculus) and type
of oestrus (postpartum versus regular) were included as factors.


Ethical note: The experiments were performed in accordance
with Czech law implementing all corresponding EU regulations and
were approved by the Institutional Animal Care and Use Commit-
tee.


3. Results


In both studied populations (subspecies), females in regular
oestrus spent significantly more time near the unfamiliar male
(Wilcoxon matched-pair tests: n = 10, z = 2.09, P = 0.037 in M. m.
domesticus, n = 10, z = 2.70, P = 0.007 in M. m. musculus, Fig. 2) and
sniffed him longer (z = 2.09, P = 0.037 in M. m. domesticus, z = 2.80,
P = 0.005 in M. m. musculus, Fig. 3).


Although the same tendencies to prefer the unfamiliar male
were found among the females in postpartum oestrus, the dif-
ferences were not statistically significant for time spent in his
proximity (Wilcoxon matched-pair tests: n = 10, z = 1.17, P = 0.241
in M. m. domesticus, n = 10, z = 0.97, P = 0.333 in M. m. musculus)
nor for time spent sniffing (z = 1.12, P = 0.262 in M. m. domesti-
cus, z = 1.38, P = 0.169 in M. m. musculus). Nevertheless, ANOVAs
testing the effects of oestrus type, population and its interaction
on the relative time spent in proximity and sniffing the familiar
male revealed significant differences between the females exhibit-
ing regular and postpartum oestrus in the case of sniffing (F = 4.84,
P = 0.034); the other factors were not significant.


Prior to the choice test, all females allowed a familiar male to
copulate. After the choice test permitting only interactions through
a wire-mesh, direct contact with an unfamiliar male was allowed.
The females exhibiting regular oestrus copulated with an unfamil-
iar male less frequently (M. m. domesticus: two unfamiliar males
performed mounts and one male had a successful intromission; M.
m. musculus: one male performed a mount) than those in postpar-
tum oestrus (M. m. domesticus: seven males performed mounts;
M. m. musculus: three males performed mounts and an additional
three males had intromissions), however, this difference was not
significant (Fisher exact test P = 0.096).


4. Discussion

We failed to confirm the hypothesis that non-commensal and
commensal mice differ in their patterns of sexual preferences. Obvi-
ously, these patterns are confined to species and independent of the
ecological habits of the population and its level of aggression.







D. Frynta et al. / Behavioural Processes 83 (2010) 54–60 57


F roxim
a


m
Z
F


F
e


This material may be protected by Copyright Law (Title 17 US Code)

ig. 2. Time spent by females exhibiting regular and postpartum oestrus in close p
re given for each population (subspecies).

We tested M. m. musculus, a species exhibiting low levels of
ale aggression (Hunt and Selander, 1973; Thuesen, 1977; Van


egeren and van Oortmerssen, 1981; Munclinger and Frynta, 2000;
rynta et al., 2005) and the Syrian M. m. domesticus, a highly aggres-


ig. 3. Time spent by females exhibiting regular and postpartum oestrus sniffing unfami
ach population (subspecies).

ity to unfamiliar (0) and familiar (1) males. Means, quartiles and not-outlier range

sive species in which even male-female interactions between
unfamiliar individuals are highly agonistic (Frynta and Volfová,
unpublished results), and found the same pattern of preferences
resembling that previously reported in the DDO strain of M. m.


liar (0) and familiar (1) males. Means, quartiles and not-outlier range are given for
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omesticus (Patris and Baudoin, 1998). Obviously, social investi-
ation in a sexual context is not directly associated with patterns
f aggression. This finding falsifies the hypothesis that a female
trategy to avoid possibly harmful encounters with an unrelated
ndividual instead of pair-bonding is responsible for preferences
or a familiar male in highly aggressive species. Thus, a high level
f aggression itself is not sufficient to explain the preference for
he familiar male in M. spicilegus described by Patris and Baudoin
1998).


A more difficult question is the relevance of laboratory choice
ests to mating systems. Subject females are not allowed to leave
he test arena to avoid male courting (if the male is not tethered).
bservations of sexual behaviour in free-ranging mice have led


o the conclusion that females have even more opportunities to
hoose males than in most laboratory situations (Wolff, 1985),
hus the observed preferences may be easily realised with sex-
al behaviour. However, it can be argued that preference tests are
ighly conservative. The choosing female may spend more time in
he proximity of the unfamiliar male to gather necessary informa-
ion. Only a strong preference for the familiar male may overcome
he tendency for novelty seeking (for exploratory behaviour in wild


ice e.g., Frynta, 1992, 1994; Meshkova et al., 1999; Simeonovska-
ikolova, 2000). On the other hand, the continuous presence of
ale scent marks on the territory is an honest signal of social com-


etence that may enhance the chance for a male to be chosen by a
emale even in promiscuous/polygynous species (Hurst, 1990; Rich
nd Hurst, 1998).


In our experiment, females were not allowed to choose a familiar
ale partner because individuals were paired at random. There-


ore, females could gain from changing their partner according to
heir preference and/or compatibility as revealed by recent stud-
es (Ryan and Altmann, 2001; Drickamer et al., 2003; Gowaty et al.,
003) which have for the most part emphasised the underlying role
f genotype (e.g., MHC: Peele et al., 2003; Willse et al., 2006, MUPs:
herborne et al., 2007; Cheetham et al., 2007; Broad and Keverne,
008). Moreover, these preferences are not contextually invariant.
henotype and/or the condition of previously encountered males
e.g., the familiar male in the case of our experiments) can affect the
cceptance threshold exhibited by subject females towards unfa-
iliar males sampled in successive encounters (Kavaliers et al.,


003).
Nevertheless, the preferences for the familiar male in M. spici-


egus reported by Patris and Baudoin (1998) were unambiguous.
hey were clearly different from the opposite preferences exhib-
ted by female house mice tested during their regular oestrus (DDO
train of M. m. domesticus: Patris and Baudoin, 1998; both popu-
ations included in this study). The preferences for the unfamiliar


ale were, however, much smaller and statistically insignificant in
ostpartum oestrous females. Moreover, in spite of the tendency to
refer unfamiliar males exhibited in preference tests, the females
f the DDO strain (Patris and Baudoin, 1998) as well as those tested
n our experiments (both those in regular and postpartum oestrus)
opulated more often with the familiar than the unfamiliar male.
lthough this comparison is not fair due to sequence bias, it may
uggest that familiarisation makes sexual behaviour more likely,
robably by reducing the time spent in social introduction. Thus,
he familiar male may have an advantage in spite of the inverse
emale preferences.


The differences between commensal and non-commensal
ays of life are sharp and they affect almost every aspect


f the physical and social environment. In spite of this, we


ound no difference in sexual preferences in commensal and
on-commensal populations of house mice. Female mice belong-


ng to M. musculus sensu lato, irrespective of their subspecies,
cology and the presence of female aggression, prefer an unfa-
iliar male over a familiar one. The results are, therefore,

ocesses 83 (2010) 54–60


consistent with multi-male mating habits in this species as a
whole.


Mus spretus Lataste, 1883, another aboriginal mouse of west
Mediterranean origin with a non-commensal way of life, has never
been suspected of monogamy (but see Cassaing and Isaac, 2007),
although some other peculiar behavioural features have been
described in this species (Cassaing and Croset, 1985; Hurst and
Smith, 1995; Hurst et al., 1996; Gray and Hurst, 1997). We can con-
clude that the putative monogamy of M. spicilegus suggested by
Patris and Baudoin (1998, 2000) is clearly a unique social mating
system among European mice. Most probably it is an autapomor-
phic character state possibly somewhat related to their strange
hoarding habits (e.g., Mikeš, 1971; Sokolov et al., 1990; Muntyanu,
1990).
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